We have already reported that invasive ductal carcinomas (IDCs) with fibrotic focus (FF) have more aggressive characteristics than those without FF. FF is composed of a mixture of fibroblasts and various amounts of collagen fibers, suggesting that highly proliferative fibroblasts forming FF increase the malignant potential of IDCs with FF. The purpose of this study was to examine whether there is a difference of proliferative activity of fibroblasts forming and not forming FF, which plays an important role in the tumor progression of IDCs. Two hundred three consecutive cases of IDC of the breast surgically treated at the National Cancer Center Hospital East formed the basis for this study. The proliferative activity of the fibroblasts forming the FF was immunohistochemically evaluated by using mouse MIB-1 monoclonal antibody against Ki-67 antigen. We have already reported that invasive ductal carcinomas (IDCs) with fibrotic focus (FF) have more aggressive characteristics than IDCs without FF (1) and that the former are associated with significantly poorer survival course in short-and long-term survival periods than the latter (2, 3). We also found that IDCs with FF exhibit significantly greater tumor angiogenesis and higher tumor cell proliferative activity and that the presence of FF is an independent prognostic parameter for IDC patients (4). These findings indicate that the presence of FF in IDCs is a very important histological parameter for predicting the outcome of patients with IDC of the breast. FF is composed of a mixture of fibroblasts and various amounts of collagen fibers, and they occupy almost the entire center of the IDC. In routine examination, mitotic figures of fibroblasts forming FF as well as those of the tumor cells are seen in some areas within FF. This suggests that highly proliferative fibroblasts make up FF and heighten the malignant potential of IDCs having FF.
We have already reported that invasive ductal carcinomas (IDCs) with fibrotic focus (FF) have more aggressive characteristics than IDCs without FF (1) and that the former are associated with significantly poorer survival course in short-and long-term survival periods than the latter (2, 3) . We also found that IDCs with FF exhibit significantly greater tumor angiogenesis and higher tumor cell proliferative activity and that the presence of FF is an independent prognostic parameter for IDC patients (4) . These findings indicate that the presence of FF in IDCs is a very important histological parameter for predicting the outcome of patients with IDC of the breast.
FF is composed of a mixture of fibroblasts and various amounts of collagen fibers, and they occupy almost the entire center of the IDC. In routine examination, mitotic figures of fibroblasts forming FF as well as those of the tumor cells are seen in some areas within FF. This suggests that highly proliferative fibroblasts make up FF and heighten the malignant potential of IDCs having FF.
The purposes of this study were to determine whether there are biological characteristic differences between fibroblasts forming and not forming FF by evaluating their proliferative activity and also whether their proliferative activity plays a important role in tumor progression of IDC. The significance of the proliferative activity of fibroblasts forming and not forming FF on lymph node metastasis (LNM) and distant-organ metastasis (DOM) in IDC patients was assessed by comparing it with well-known histological parameters, tumor cell proliferative activity, and tumor angiogenesis, which are significant prognostic factors for breast cancer patients (5) (6) (7) . The present study demonstrated that the proliferative activity of the fibroblasts forming FF is an independent parameter predicting LNM and DOM by IDCs with FF and that it was also an important prognostic parameter for IDCs without FF. The results indicated that the proliferative activity of intratumoral fibroblasts is a universal prognostic parameter for IDCs with and without FF.
MATERIALS AND METHODS

Cases
Two hundred four consecutive cases of IDC of the breast surgically treated between July 1992 and November 1996 at the National Cancer Center Hospital East constituted the basis of this study. Clinical information was obtained from the patients' medical records. All of the patients were Japanese women ranging in age from 28 to 87 years old (average, 53 y), and all had a solitary lesion. One hundred five patients were premenopausal, and 101 were postmenopausal. Standard radical mastectomy in 170, and quadrantectomy in 19. Axillary lymph node dissection was carried out in 196 patients. None of the patients had received radiotherapy or chemotherapy before surgery. All tumors were classified according to the pathological TNM (pTNM) classification (8) .
For pathological examination, the surgically resected specimens were fixed in 10% formalin overnight at 4°C, and the entire tumor was cut into slices at intervals of 0.5 to 0.7 cm. The size and gross appearance of the tumors were recorded, and the former was validated by comparison with tumor size on histological slides. Multiple histological sections were taken from each tumor to measure the maximum tumor diameter and area. The sections were processed routinely and embedded in paraffin.
Histological Examination
Serial sections of each tumor area were cut from the paraffin blocks. One section was stained with hematoxylin and eosin and examined pathologically to confirm the diagnosis, and the remaining sections were used for immunohistochemistry. All tumors were classified according to the guidelines of the World Health Organization (9), and their histologic grade was evaluated by the classification of Elston (10) .
Histological Features of FF
FF is defined according to the following characteristics (1-4):
• FF often consists of fibrous bands radially expanding into the surrounding area and with the appearance of a scar (Fig. 1A) or a radiating fibrosclerotic core (Fig. 1C) . Some FFs have an irregular, moth-eaten appearance (Fig. 1E) . FFs are located at almost the exact center of the tumor. They are surrounded by a more cellular zone of infiltrating ductal carcinoma cells and occupy various percentages of the tumor area (Fig. 1, A, C , and E).
• Tumor cells are seldom seen in FFs 3 mm or less in size (Fig. 2) . However, tumor cells growing in a scirrhous fashion or in solid nests are observed in FFs as their size increases (Fig. 1 , B, D, and F).
• The fibroblasts and collagen fibers in FFs are arranged in irregular or storiform patterns with increased fibroblasts cellularity and/or collagenization (Fig. 1, B, D, and F) . The degree of fibrosis in FFs is classified into three grades according to the following criteria: Grade 1, a large number of fibroblasts with small amount of collagen fibers (Fig. 3A) ; Grade 3, mainly composed of collagen fibers, mostly hyalinized (Fig. 3C) ; and Grade 2, intermediate between Grades 1 and 3, with fibroblasts and collagen fibers intermingled in various ratios (Fig. 3B) . The arrangement of fibroblasts or collagen fibers forming FFs differs from that of the surrounding tumor stroma, which is more orderly, or from that of the normal breast tissue stroma. The difference in arrangement of the fibroblasts is the characteristic that most distinguishes fibroblasts forming FFs from those outside FFs. Some FFs are associated with coagulation necrosis of the tumor. The area of tumor cell coagulation necrosis within FF is smaller than that occupied by the fibroblasts or collagen fibers. Coagulation necrosis within tumors without accompanying fibroblasts or collagen fiber proliferation is insufficient to be called FF. Whenever several FFs of various sizes were present in the same tumor, the characteristics of the largest one were used in the study. In addition, a diameter of 1 mm or more is required for a fibrosclerotic core to be considered FF in IDC.
Immunohistochemistry
Immunohistochemical staining was performed by the avidin-biotin-peroxidase complex technique (11) . The primary antibodies employed were an affinity-purified monoclonal antibody against estrogen receptor (ER) protein (1D5, DAKO, Grostrup, Denmark) used at a 1:100 dilution; polyclonal antibody specific for the 185-kDa c-erbB-2 protein (Nichirei, Tokyo, Japan) used at a 1:200 dilution; a mouse monoclonal antibody against Ki-67 antigen (MIB-1, Immunotech, Marseille, France), applied at a 1:50 dilution; and a mouse monoclonal antibody against human endothelial cells (CD31, JC/70A, DAKO), used at a 1:50 dilution. Microwave treatment was performed before immunohistochemical staining for MIB-1 (12) . Sections were treated with 0.05% pepsin before staining for CD31. After immunostaining, the sections were counterstained with hematoxylin and eosin. Sections of IDC positive for ER protein, c-erbB-2 protein, MIB-1, and CD31 were used each time as a positive control, and the primary antibody was replaced with normal rabbit serum or normal mouse immunoglobulin as a negative control.
Assessment of the Immunohistochemistry Findings
Tumor cell nuclei stained brown to dark brown were considered positive for ER or MIB-1, and faintly stained nuclei were considered negative. Nuclear staining for ER was only considered positive when more than 10% of the tumor cells in the entire tumor area were judged to be positive. Tumors were judged to be positive for c-erbB-2 protein when the cell membrane of more than 10% of the tumor cells throughout the tumor stained positive.
The MIB-1 labeling index (LI) is the ratio of tumor cells or fibroblasts with positively stained nuclei to the total number of tumor cells or fibroblasts counted, expressed as a percentage. We previously demonstrated that the proliferative activity of tumor cells or microvessel counts (MVC) is significantly higher in the outer area of IDCs than in the inner area (4) , and for that reason, the fields for cell counting to assess the proliferative activity of tumor cells or for MVC were selected in the outer area of the IDCs (Fig. 4) . The inner area was defined as a circle having a radius half that of the radius of the tumor, and the outer area was defined as the zone surrounding the inner area of the tumor. At least 500 tumor cells in the outer area were counted in each high-power field (400ϫ) in each IDC. The MVCs were made by identifying the field with the highest neovascularity in the outer area of the tumor by scanning the tumor sections stained for CD31 at low-power magnification (40ϫ and 100ϫ total magnification; Fig. 4 ) and then counting the individual microvessels within 200ϫ fields (20ϫ objective and 10ϫ ocular; 0.384 mm 2 per field). Brown-staining endothelial cell clusters consisting of two or more cells with formation of a definite lumen that were clearly separated from the adjacent microvessels, tumor cells, and other connective tissue elements were considered to be a single, countable microvessel. Lumina without a rim of CD31-positive cells were not counted, even if they contained blood cells. Results are expressed as the highest number of microvessels in any single 200ϫ fields (4, 13) .
The MIB-1 LI (%) of fibroblasts was determined by counting a total of 300 fibroblasts in the inner and outer areas in each high-power field, and 600 fibroblasts within the tumor were counted in each IDC without FF. The MIB-1 LI of fibroblasts forming and not forming FF in IDCs with FF was assessed. If IDCs had FF of small size, such as 3 mm in size, and the number of fibroblasts forming the FF was inadequate to calculate the MIB-1 LI (%) of the fibroblasts forming the FF, the MIB-1 LI of fibroblasts was calculated in the fibroblasts surrounding the FF as well as in those forming FF.
Two of the authors (TH and AO) determined the MIB-1 LIs of the tumor cells and fibroblasts and the MVCs. If the MIB-1 LI or MVC values counted by TH and AO were almost the same, the values obtained by TH were used in this study. However, if they were not almost the same, we reexamined them to come to an agreement.
Outcome
The survival of the patients was evaluated by follow-up for a median period of 41 months, to June of 1999. One hundred fifty-nine patients were alive and well, 47 had tumor recurrence, 29 had DOM, and 22 had died of their disease. Among the patients with DOM, 24 patients had IDCs with FF, and 18 of the 22 patients who also died of their disease had IDCs with FF. Measurements of DOM-free survival and overall survival (OS) rates started at the time of surgery. Tumor relapse was considered to have occurred whenever there was evidence of metastasis or local recurrence. DOM was observed in the following organs: bone, 12 cases; liver, 9 cases; lung, 6 cases; and brain, 2 cases. Only deaths due to breast cancer were considered for the purpose of this study, and all of the patients who died of the disease had DOM.
Statistical Analysis
We analyzed the predictive power of the presence of FF for LNM, DOM, and OS by multivariate analyses using the logistic regression model (14) and by the Cox proportional hazard regression model (15) using the step-down method until all of the remaining factors were significant at a P value below .05. For the comparative study with the presence of FF for LNM, DOM, or OS, the following variables were examined as potential predictive parameters for LNM or DOM: invasive tumor size (Յ20 vs. more than 20 mm), histological grade (1 or 2 vs. 3); tumor necrosis (absent vs. present); lymphatic invasion (absent vs. present); vascular invasion (absent vs. present); adipose tissue invasion (absent vs. present); nodal status (negative vs. positive); ER expression (negative vs. positive); and c-erbB-2 expression (negative vs. positive). The parameters that showed a significant correlation with LNM in the univariate analyses were then entered into the multivariate analyses.
In the cases as a whole, the differences between the proliferative activity of the tumor cells and of the fibroblasts of IDCs with and without FF were evaluated by the t test. Similarly, the difference between the MVCs of IDCs with and without FF was also examined by the t test. Pearson's correlations between the MIB-1 LIs of the tumor cells, the MIB-1 LIs of the fibroblasts, and the MVCs were also separately examined by linear correlation in IDCs with and without FF.
Associations between the presence of FF and other parameters were examined by the 2 test. The median values of the proliferative activity of tumor cells and of the fibroblasts of the IDCs as a whole were used as the cutoff values predicting the presence of FF. Similarly, the median cutoff values of the MVCs of all IDCs were used for predicting the presence of FF. MIB-1 LI and MVC values equal to or below the median value were considered to be low MIB-1 LI or low MVC values, and MIB-1 LI and MVC values higher than the median values, to be high MIB-1 LI or high MVC values. All parameters showing significant correlations with the presence of FF were entered into multivariate analysis by using the step-down logistic regression model to identify the parameter that was most significantly associated with the presence of FF.
To identify the parameter with the strongest effect on LNM, DOM, and OS in IDCs with FF, multivariate analyses were performed for parameters significantly correlated with the presence of FF in the multivariate analysis, fibrosis grade, and diameter of FF.
All analyses were performed with Statistica/Windows software (StatSoft, Tulsa, OK).
RESULTS
Effect of FF on LNM, DOM, and OS
Univariate analyses for LNM showed that parameters significantly associated with LNM were the presence of FF, lymphatic invasion, vascular invasion, invasive tumor size of 20 mm or more, c-erbB-2 expression, and adipose tissue invasion (P Ͻ .001, P Ͻ .001, P ϭ .018, P Ͻ .001, P ϭ .025, and P ϭ .029). There were no significant associations between LNM and tumor necrosis, histological grade, or ER status in the univariate analyses (P ϭ .236, P ϭ .082, and P ϭ .133. Multivariate analysis clearly showed that the presence of FF, lymphatic invasion, and invasive tumor size of 20 mm or more significantly increased the relative risks (RRs) of LNM (Table 1) . Vascular invasion, c-erbB-2 expression, and adipose tissue invasion failed to significantly increase the RRs of LNM.
Parameters significantly associated with DOM in the univariate analyses were the presence of FF, high histological grade, LNM, ER-negative status, invasive tumor size of 20 mm or more, and adjuvant therapy (P Ͻ .001, P Ͻ .001, P ϭ .002, P ϭ .015, and P ϭ .005, respectively). The presence of FF, high histological grade, and the presence of LNM significantly increased the hazard rates (HRs) of DOM in the multivariate analysis (Table 1) , whereas ER status, invasive tumor size, and adjuvant therapy failed to significantly increase the HR of DOM. There were no significant correlations between DOM and tumor necrosis, lymphatic invasion, vascular invasion, c-erbB-2 expression, or adipose tissue invasion in the univariate analyses (P ϭ .236, P ϭ .632, P ϭ .290, P ϭ .207, and P ϭ .937, respectively).
In the univariate analyses for OS, the presence of FF, high histological grade, LNM, ER-negative status, invasive tumor size of 20 mm or more, and adjuvant therapy showed significant correlations with OS (P ϭ .002, P Ͻ .001, P Ͻ .001, P Ͻ .001, P ϭ .017, and P ϭ .013, respectively), and the presence of FF, high histological grade, and the presence of LNM significantly increased the HRs of OS (Table  1) . ER status, invasive tumor size, and adjuvant therapy, however, failed to significantly increase the HR of OS. The presence of tumor necrosis, vascular invasion, lymphatic invasion or c-erbB-2 expression, however, showed no significant correlation with OS in the univariate analyses (P ϭ .313, P ϭ .321, P ϭ .073, and P ϭ .079, respectively).
Differences in the Proliferative
The mean MIB-1 LI (%) of the tumor cells in IDCs with FF was 41.1 Ϯ 16.9, and the LI of those in IDCs without FF was 31.6 Ϯ 15.4. The former showed a significantly higher tumor cell MIB-1 LI (%) than the latter (P Ͻ .001). Similarly, the former had a significantly higher mean MVC (46.5 Ϯ 31.0) than the latter (35.7 Ϯ 20.3; P ϭ .002).
The mean MIB-1 LIs (%) of the fibroblasts in the inner and outer areas of IDCs without FF were almost the same (inner area, 4.9 Ϯ 3.6; outer area, 4.9 Ϯ 3.4). By contrast, in IDCs with FF, the mean MIB-1 LI (%) of the fibroblasts forming FF was 10.7 Ϯ 7.2, and that of those not forming FF was 5.9 Ϯ 5.2. The former had a significantly higher MIB-1 LI (%) than the latter (P Ͻ .001, Fig. 5 ). The mean MIB-1 LI (%) of the fibroblasts forming FF was also significantly higher than the mean MIB-1 LIs of the fibroblasts in the inner and outer areas of IDCs without FF (P Ͻ .001).
Correlations Between the Proliferative Activity of Tumor Cells, the Proliferative Activity of Intratumoral Fibroblasts, and the MVCs of IDCs With and Without FF In IDCs with FF the MIB-1 LIs of the tumor cells were significantly correlated with those of the fibroblasts forming FF and those not forming FF (Table  2) . Although MVCs were significantly correlated with the MIB-1 LIs of the fibroblasts not forming FF, there was no significant association between the MVC and the MIB I LIs of the tumor cells or that of the fibroblasts forming FF. The diameter of FF was a significantly correlated with the MVCs, but no significant association was observed between the diameter of FF and the MIB-1 LIs of the tumor cells or fibroblasts. FF grade was also significantly correlated with the MVCs and significantly negatively correlated with the MIB-1 tumor cell LI. There was (18) In order to identify the parameter with the strongest effect on LNM, DOM, and OS in IDCs with FF, multivariate analyses were performed for parameters significantly correlated with the presence of FF in the multivariate analysis, fibrosis grade and diameter of FF. The multivariate analyses for LNM were performed by the logistic regression model, and those for DOM and MR were performed by the Cox proportional hazard regression model. The multivariate analyses were adjusted with parameters that were significantly correlated with LNM, DOM, or OS listed on the table using the step-down method until all the remaining factors were significant at a P level below 0.05.
OS, overall survival; LNM, lymph node metastasis; LNMR, LNM rate; RR, relative risk; CI, confidence interval; DOM, distant organ metastasis; DOMR, DOM rate; MR, mortality rate; IDC, invasive ductal carcinoma; HR, hazard rate; ER, estrogen receptor. no significant correlation between the FF grades and the MIB-LI of the fibroblasts.
In IDCs without FF, the MIB-1 LIs of the tumor cells were significantly correlated with the MIB-LIs of the fibroblasts in both the inner and outer area (r ϭ 0.29, P Ͻ .01; and r ϭ 0.39, P Ͻ .01, respectively), but there was no significant correlation between the MIB-LIs of the tumor cells and the MVCs (r ϭ 0.09, P ϭ .40). There was a significant correlation between the MIB-1 LIs of the fibroblasts in the inner area and in the outer area (r ϭ 0.57, P Ͻ .01). Although the MIB-1 LIs of fibroblasts in the outer area were significantly associated with the MVCs (r ϭ 0.22, P ϭ .03), the LIs of those in the inner area failed to show a significant correlation with the MVCs (r ϭ 0.18, P ϭ .07).
Multivariate Analysis for the Presence of FF
The cutoff value of the MIB-1 LIs of tumor cells was set at 33%, based on the median MIB-1 LI of the IDCs. Tumors that had an MIB-1 LI of tumor cells or fibroblasts in the inner or outer area equal to or below the cutoff value were classified into the low-MIB-1 LI group. All other tumors, that is, those with MIB-1 LI values above the cutoff value, formed the high-MIB-1 LI group. The cutoff value of MVC was set at 37%, based on the median MVCs of all IDCs in both areas. Tumors with an MVC at or below the cutoff value were classified into the low MVC group, and those an MVC greater than the cutoff value formed the high MVC group.
Among the parameters significantly associated with the presence of FF in the univariate analyses, the MIB-1 LIs of the tumor cells, invasive tumor size, lymph node metastasis, and the MVC still significantly increased the RRs of the presence of FF in the multivariate analysis (Table 3) . Other parameters failed to increase the RR of the presence of FF in multivariate analysis. Lymphatic invasion, c-erbB-2 expression, and the MIB-1 LIs of the fibroblasts in the outer area were not significantly correlated with the presence of FF in the univariate analyses (P ϭ .245, P ϭ .175, and P ϭ .549, respectively).
Multivariate Analyses for LNM, DOM, and OS in IDCs with FF
Univariate and multivariate analyses for LNM, DOM, and OS were performed by parameters significantly associated with the presence of FF, the proliferative activity of the fibroblasts forming and not forming FF, fibrosis grade and diameter of FF, and adjuvant therapy status. The cutoff values of the MIB-1 LIs of the fibroblasts forming and not forming FF were set at 10% and 5%, respectively, based on the median MIB-1 LI of IDCs with FF. Tumors which had the MIB-1 LIs of the fibroblasts forming or not forming FF at or below the cutoff value were classified as the low-MIB-1 LI group. All other tumors, with the MIB-1 LI values above the cutoff value, formed the high-MIB-1 LI group.
Among these parameters, the high MIB-1 LIs of the fibroblasts forming FF and FF fibrosis Grade 3 showed significant correlations with LNM in the univariate analyses, and both of them significantly increased the RRs of LNM in the multivariate analysis (Table 4 ). There were no significant associations between LNM and the MIB-1 LIs of the tumor cells, the LIs of the fibroblasts not forming FF, the MVCs, invasive tumor size, and FF diameter in the univariate analyses (P ϭ .222, P ϭ .449, P ϭ .136, P ϭ .085, and P ϭ .443, respectively).
The multivariate analysis showed that the MIB-1 LIs of the fibroblasts forming FF and MVCs still significantly increased the HRs of DOM (Table 4 ; Fig. 6) ; however, nodal status failed to increase the HR of DOM in the multivariate analysis. The MIB-1 LIs of the tumor cells, the LIs of the fibroblasts not forming FF, FF fibrosis grade, FF diameter, invasive tumor size, and adjuvant therapy status were not significantly correlated with DOM in the univariate analyses (P ϭ .064, P ϭ .559, P ϭ .964, P ϭ .135, P ϭ .l04, and P ϭ .205, respectively).
In the univariate analyses, there were significant associations between mortality rate (MR) and the MIB-1 LIs of the tumor cells, the MVCs, and FF diameter (P ϭ .004, P ϭ .030, and P ϭ .0266, respectively). However only the MIB-1 LIs of the tumor cells still significantly increased the HR of MR in the multivariate analysis (Table 4 ). The MVCs and FF diameter failed to significantly increase the HRs of MR. There were no significant correlations between MR and the MIB-1 LIs of the fibroblasts forming and not forming FF, FF fibrosis grade, invasive tumor size, or adjuvant therapy status in the univariate analyses (P ϭ .173, P ϭ .571, P ϭ .750, P ϭ .351, and P ϭ .237, respectively).
LNM was observed in 38 patients with IDCs without FF. Only five patients had DOM, and only four died of the disease. Because there was no significant difference between the MIB-1 LIs of the fibroblasts in the inner and outer area, the MIB-1 LIs of the fibroblasts in the inner area were used to assess LNM, DOM, and OS in IDCs without FF. Among the MIB-1 LIs of the tumor cells, the LIs of the fibroblasts, and the MVCs, only the MIB-1 LIs of the fibroblasts were significantly correlated with LNM (P ϭ .007). The MIB-1 LIs of the tumor cells and MVCs were not significantly correlated with LNM (P ϭ .333 and P ϭ .883, respectively). In addition, there were significant association between the MIB-1 LIs of the fibroblasts and DOM and OS (P ϭ .029 and P ϭ .012, respectively). The MIB-1 LIs of the tumor cells and MVCs were not significantly correlated with DOM and OS (P ϭ .653 and .344, and P ϭ .056 and .094, respectively). The multivariate analysis for the presence of FF was performed by the logistic regression model and adjusted with parameters significantly correlated with the presence of fibrotic focus by using the step-down method until all the remaining factors were significant at a P level below .05. FF, fibrotic focus; RR, relative risk; CI, confidence interval; LI, labeling index; MVC, microvessel count. that the survival time of patients with Types 2 and 3 scar cancers is not significantly different from nonscar cancer (17) . Scar cancer has also been shown to have a better outcome and to be richer in steroid hormone receptors than nonscar cancers (18, 19) . By contrast, we have already reported that the patients with IDCs with FF have significantly poorer short-and long-term survival periods than those without FF (1, 2) . The studies on scar cancers did not classify the cases according to histological subtype and also included other histological types, such as lobular, mucinous, medullary, or squamous cell carcinoma and noninvasive ductal carcinoma, in addition to IDC (17) (18) (19) . To more precisely clarify the clinicopathological significance of FF in primary breast cancer, it was necessary to study tumors of the same histological type. We investigated whether the presence of FF in IDCs, the most common histological type of breast cancer, is of prognostic significance for patient outcome, and we clearly demonstrated significant correlations between the presence of FF and LNM, DOM, and OS in the different IDC patient series in this study. These findings again confirm the prognostic significance of the presence of FF in patients with IDC and strongly suggest the presence of FF as a universal prognostic histologic parameter for the patients with IDC. Accordingly, IDCs should be classified into subtypes with and without FF in order to accurately evaluate patient outcome.
DISCUSSION
Multivariate analysis clearly demonstrated that IDCs with FF have significantly higher tumor cell proliferative activity, higher MVCs, larger invasive tumor size, and a higher nodal metastasis level than (26) In order to identify the parameter with the strongest effect on LNM, DOM, and OS in IDCs with FF, multivariate analyses were performed for parameters significantly correlated with the presence of FF in the multivariate analysis, fibrosis grade and diameter of FF. The multivariate analyses for LNM were performed by the logistic regression model, and those for DOM and MR were performed by the Cox proportional hazard regression model. The multivariate analyses were adjusted with parameters that were significantly correlated with LNM, DOM, or OS listed on the table using the step-down method until all the remaining factors were significant at a P level below .05.
OS, overall survival; FF, fibrotic focus; RR, relative risk; CI, confidence interval; LNM, lymph node metastasis; LNMϩ, positive nodal metastasis rate; DOM, distant organ metastasis; DOMR, DOM rate; MR, mortality rate; IDC, invasive ductal carcinoma; HR, hazard rate; LI, labeling index; MVC, microvessel count. those without FF, and these parameters have been reported to have significant effects on DOM or OS (5-7, 20 -22) . In addition, the FF-forming fibroblasts had the highest proliferative activity among the intratumoral fibroblasts in IDCs. We previously reported that the proliferative activity of the intratumoral fibroblasts in IDCs plays an important role in LNM or DOM (23) . Accordingly, these parameters probably heighten the malignant potential of IDCs with FF and may be responsible for the differences in biological characteristics between IDCs with and without FF. In addition, the presence of FF may be a good histological parameter for estimating the degree of proliferative activity of intratumoral fibroblasts within IDCs.
This study also clearly demonstrated that the proliferative activity of the fibroblasts forming FF plays a very important role in LNM and DOM. The fibrosis grade of FF also had a significant independent association with LNM. These findings indicate that the biological characteristics of fibroblasts forming FF play an important role in tumor metastasis by IDCs with FF. The tumor-stromal interaction plays an important role in tumor invasion or metastasis (4, 24, 25) , and it has been reported that fibroblasts within a tumor express proteinase, a very important determinant of tumor cell invasion or metastasis (26, 27) . These findings suggest that highly proliferative fibroblasts forming FF secrete larger amounts of proteinases than poorly proliferative fibroblasts forming FF and that this may increase the malignant potential of IDC with FF. Thus, evaluation of the proliferative activity of the fibroblasts forming FF will probably enable us to select IDCs with FF having the highest metastatic potential.
Although the proliferative activity of fibroblasts forming FF was the only parameter significantly associated with LNM or DOM, it had no effect on OS. The predictive power of proliferative activity of fibroblasts forming FF may be negated by other parameters having more powerful impact on OS, for example, the proliferative activity of the tumor cells, MVCs, or nodal status, because in IDCs without FF, the low-risk group, no other parameters had a stronger effect on OS than the proliferative activity of the fibroblasts within the tumor. This suggests that highly proliferative fibroblasts forming FF provide a suitable environment for tumor cell metastasis in IDCs with FF and that the proliferative activity of the fibroblasts is a useful parameter for selecting IDCs with the highest malignant potential among IDCs without FF.
The first hypothesis for the mechanism heightening the proliferative activity of intratumoral fibroblasts is that interaction between tumor cells and intratumoral fibroblasts plays an important role in forming FF. We previously demonstrated a significant correlation between fibroblast growth factor receptor expression by fibroblasts forming FF and basic fibroblast growth factor (bFGF) expression by tumor cells, suggesting a paracrine action of bFGF and fibroblast growth factor receptor between the tumor cells and the fibroblasts (28) . Thus, tumor cells may accelerate the proliferative activity of intratumoral fibroblasts in IDCs, and highly proliferative fibroblasts may form FF.
The second hypothesis is that an autocrine mechanism of intratumoral fibroblasts themselves contributes to the formation of FF in IDCs. A significant association between the proliferative activity of the tumor cells and the fibroblasts was observed in IDCs without FF as well as in those with FF. If the formation of FF in IDCs depends only on a paracrine mechanism between tumor cells and intratumoral fibroblasts, all IDCs should have FF, but not all of them do. It has been reported that certain oncogenes can increase fibroblast proliferation (29, 30) and proliferative fibroblasts in fibroproliferative disease, such as scleroderma expressing c-myb proto-oncogene (31) . Therefore, expression of some oncogene by fibroblasts forming FF may increase the proliferative activity of the fibroblasts themselves.
In addition to these hypotheses, proliferating intratumoral fibroblasts may deviate from the mechanism of apoptosis and form FF in IDCs (32, 33) . If FF is formed only by a paracrine or autocrine growth mechanism of intratumoral fibroblasts, a FIGURE 6. Distant-organ metastasis (DOM) curve according to the MIB-1 labeling indexes of the fibroblasts forming FF. In invasive ductal carcinomas with fibrotic focus (FF), the tumors with highly proliferative fibroblasts forming FF show a significantly shorter DOM-free survival rate than those with poorly proliferative fibroblasts forming FF (P ϭ .024).
significant correlation should be observed between FF diameter and the proliferative activity of the fibroblasts forming FF. However, no such correlation was found in this study. This suggests that intratumoral fibroblasts escaping from apoptosis live longer than those that do not and can produce FF in IDCs. It is, therefore, very important to clarify whether the proliferation of the intratumoral fibroblasts that form FF is dependent on the mechanism of apoptosis.
The results of this study strongly suggest that highly proliferative fibroblasts, especially forming FF, support the tumor progression in patients with IDCs. Therefore, treatments to suppress the activities of the fibroblasts may give patients with IDCs great benefit in terms of improvement of their prognosis.
